Aim. The aim of the study was the analysis of (1) the level of BAX, BCL2, BIRC6, CASP3, CASP9 apoptosis genes expression in schizophrenic patients and in the control group, and (2) the relationships between the genes expression level and the morphological and biochemical parameters, as well as the severity of psychopathological symptoms.
Introduction
Schizophrenia is a severe, chronic mental disorder that primarily affects people in adolescence and early adulthood, the etiology and pathogenesis of which remains unclear [1] . Among many theories concerning the etiopathogenesis of this disorder, there is a neurodevelopmental hypothesis of schizophrenia, formulated in the 1980s [2] [3] [4] , with subsequent modifications and updates [5, 6] . It assumes that already in the period of fetal and early childhood development, some abnormal changes occur in the central nervous system of people affected by this disorder [7] . In the process of the central nervous system maturation, there is a critical moment of synaptic pruning, which may proceed excessively and lead to a reduction in brain plasticity [8] . It is accompanied by the elimination of some neurons in the apoptosis process, which is a genetically programmed sequence of biochemical processes induced by extrinsic or intrinsic initiator factors [9] .
There are reports that this process may also be observed and evaluated outside the CNS, e.g., in peripheral blood lymphocytes [10] . In the intrinsic pathway, the programmed cell death signal is regulated by anti -(Bcl-2, Bcl-XL) and pro-apoptotic (Bax, Bad, Bid) protein factors [11] . Pro-apoptotic proteins, embedding in the inner membrane of the mitochondrion, impair the action of the respiratory chain and, under the influence of calcium ions from the mitochondrion, cytochrome C is released to the cytoplasm. In the final stage, cytochrome C combined with the Apaf-1 protein, combines with caspase-9 (initiator caspase) to form apoptosome. The executive caspases 3, 6 and 7 cause the disintegration of proteins and lead to disintegration of the cell [12] . The decision-making process in the cell as to proceeding to the apoptosis path is the gene activation process [13] , the polymorphism of which has been the subject of many studies [14] [15] [16] . The available literature is also a source of information on the levels of pro -and anti-apoptotic proteins in patients suffering from schizophrenia: low Bcl-2, increased Bax/Bcl-2 ratio or increased caspase 3 activity [17] [18] [19] [20] . In spite of that, there are reports in which reduced activity of pro-apoptotic genes and proteins is observed [21, 22] . The BIRC 6 protein (BRUCE) is anti-apoptotic, inhibiting the activation of caspases [23] . There are few studies on the activity of the BIRC6 gene in schizophrenia, one of which reports overlapping genes in disorders of autism spectrum and in schizophrenia [24] . Increased apoptosis seems to be a key process also in the neurodegenerative theory and is a link between this theory and the above-described neurodevelopmental hypothesis [19] .
Aim of the study
The aim of the study was to evaluate (1) the level of BAX, BCL2, BIRC6, CASP3, CASP9 apoptosis genes expression in schizophrenic patients and in the control group and (2) the relationships between the gene expression levels and morphological and biochemical parameters of peripheral blood, as well as the severity of psychopathological symptoms.
Material
The study included 21 patients (18 men and 3 women) during the first episode of schizophrenia, diagnosed according to ICD-10 criteria (F20), 17-35 years old (mean age = 23 years; SD = 4.8 ) (SCH group). The study subjects were patients hospitalized in the I Department of Psychiatry, Psychotherapy and Early Intervention in Lublin and outpatients of Hospital Mental Health Clinic at the Children's University Hospital in Lublin.
The control group (C) included 26 healthy subjects (20 men and 6 women) aged 18-32 years (mean age = 22; SD = 4.1) with no family history of mental disorders, matched for gender and age.
The inclusion criteria for the study was the declaration of informed and written consent to participate in the study, no active or past neurological, inflammatory and autoimmune diseases, absence of past or current alcohol or other addictive substances dependence, absence of intellectual impairment assessed on the basis of psychiatric examination. There were no somatic diseases that would constitute an absolute exclusion criterion. In addition, in the control group, the inclusion criteria was a lack of any psychiatric disorder at the present or in the past. The experienced psychiatrist (KS) performed an assessment of the mental state aimed at excluding the occurrence of mental disorders in the control group. The patients were taking atypical antipsychotics.
The study was approved by the Bioethics Committee of the Medical University of Lublin (KE-0254/77/2012).
Methods
The following methods were used in the study. Determination of BAX, BCL2, BIRC6, CASP3, and CASP9 genes expression from peripheral blood lymphocytes. Total cellular RNA was isolated by the modified method of Chomczyński and Sacchi [25] . Next, a cDNA synthesis reaction was performed using High-Capacity cDNA Transcription Kits with RNAse inhibitor (Applied Biosystems). 1 µg of RNA dissolved in 10 µl of ultrapure water and 10 µl of reagent mix (which consistent of: 2 µl -10xRT Buffer; 0.8 µl -10xdNTPs (100 mM); 2 µl -10xRT Random Primer; 1 µl -RNasin 20 U/μl; 1 µl -Reverse transcriptase 50 U/ μl, and 3.2 µl -ultrapure water). cDNA was amplified in a real-time PCR reaction in the StepOnePlus system (Applied Biosystems). The reaction was carried out using a TaqMan-type probe specific for the gene being tested Hs00180269_m1 for the BAX gene, Hs00608023_m1 for the BCL2 gene, Hs00212288_m1 for the BIRC6 gene, Hs00234387_m1 for the CASP3 gene, Hs00154261_m1 for the CASP9 gene, and Hs01066071_m1 for the TRPM2 gene (Applied Biosystems). The GAPDH was used as the reference gene. There are reports of a significant role of this gene in cytotoxicity and apoptotic mechanisms [26] . The expression of the gene in the tested samples was stable. After completion of the reaction, the RQ (relative quantification) value of the genes tested in peripheral blood cells of the patients from the study group relative to the control group was calculated using the following formula RQ = 2 -ΔΔ CT [27] . Laboratory tests were performed simultaneously (blood count). The severity of psychopathological symptoms of schizophrenia was assessed using the Positive and Negative Symptoms Scale for Schizophrenia (PANSS) [28] .
Analysis of the results of expression and statistical analysis was carried out using Expression Suit Software Version 1.0.3 (Life Technologies) and Statistica 10 for Windows. Statistical data between the study and control groups were compared using the Student's t-test. The value p < 0.05 was considered statistically significant. Correlations between genes and clinical variables were assessed using the Spearman's rank correlation coefficient. p -level of significance; SD -standard deviation; PANSS total -Positive and Negative Symptoms Scale for Schizophrenia -total score; PANSS-P -Positive Scale; PANSS-N -Negative Scale; PANSS-G -General Psychopathology Scale
Results
As a result of the performed tests of BAX, BCL2, BIRC6, CASP3, CASP9 genes expression using qPCR method, it was confirmed that these genes have upregulated expression at mRNA level in peripheral blood lymphocytes in patients with schizophrenia compared to healthy subjects (Figure 1 ).
Based on the performed studies in peripheral blood lymphocytes in schizophrenic patients, more than 5-fold significantly higher CASP3 gene expression (p = 0.005) was found, as well as over 4-fold significantly higher BCL2 gene expression (p = 0.000001) in comparison to controls (Figure 1) .
In peripheral blood lymphocytes, in schizophrenic patients, statistically significant intercorrelations between the studied genes were found ( Table 2) . The most active genes in the apoptosis process in the study group appear to be BAX and CASP3 The dependence of BAX, BCL2, BIRC6, CASP3, CASP9 genes expression level on age, sex, length of the illness was assessed and no statistically significant differences were found depending on the mentioned parameters.
The mean total score on the PANSS was 92.0±21.7, the result in the positive symptom subscale was 21.96±6.57, negative symptom subscale -25±7.3. A significant positive correlation was found between the severity of clinical symptoms measured with the PANSS-N and the BAX gene expression in the group of patients with schizophrenia (Table 3) . * p < 00.5; PANSS-P -Positive Scale; PANSS-N -Negative Scale; PANSS-G -General Psychopathology Scale; PANSS-T -total score
In schizophrenic patients the analysis of the dependence of apoptosis gene expression on blood count and biochemical parameters of the blood showed the following relationships: a significant positive correlation of the BAX gene expression with the neutrophil, lymphocyte and monocyte count, of the BCL2 with monocyte count, of the CASP3 with lymphocyte count, and of the CASP9 with monocyte count. These results are presented in Table 4 . 
Discussion
The results of the study showed a significant increase in the expression of BCL2 and CASP3 genes in schizophrenic patients compared to the control group of healthy people. The obtained results indicate that in the studied patients there may be changes in the implementation of the genetic program and disturbances of systems controlling programmed cell death, which are observed in schizophrenia, associated with increased elimination of synapses called pruning [8, 29] . This increased pro-apoptotic activity in the group of schizophrenic patients may confirm the theory of induced apoptosis in the pathophysiology of schizophrenia [8, 18] , having its morphotic exponents in the form of reduced volume of brain structures in schizophrenia [30] . The results of our research correspond with the studies of other authors suggesting the involvement of the Bcl-2 protein in the pathophysiology of schizophrenia [17, 18, 20] . Jarskog [31] in his work suggests that apoptotic activity may be reduced in the chronic phase of the illness. Our results also correspond with reports that showed that altered BCL2 family genes expression resulted in increased susceptibility to apoptosis [9, 11] . Jarskog et al. [17, 18] and Tsai et al. [20] showed significant relationships between the used antipsychotic treatment and the increase in the Bcl-2 protein, they also underline the neuroprotective and anti-apoptotic effects of atypical antipsychotics. In the light of these reports, the increased expression of the BCL2 gene, which belongs to the apoptosis inhibitors, in the studied patients with schizophrenia can be explained by antipsychotic treatment. In the study of Bai et al. [32] , olanzapine and clozapine were shown to upregulate mRNA Bcl-2 levels in the rat brain by 30-50%.
Another interesting result of our research is the statistically significantly increased expression of the CASP3 gene. The results obtained in our work correspond with the results of other studies indicating the altered activity of caspase 3 in schizophrenia [33] . Batalla et al. [30] demonstrated statistically significant relationships between caspase 3 activity and neurometabolites (glutamate, N-acetylaspartate) and the volume of brain structure of patients suffering from schizophrenia. Increased expression of CASP3 and CASP9 genes in schizophrenic patients may be responsible for the formation of a ‛pro-apoptotic environment', which contributes to an increased risk of this illness [8] . There are reports on polymorphism of apoptosis genes [15, 16] as well as the MMP-9 (matrix metalloproteinase 9 gene), ANKK1 (Ankyrin Repeat and Kinase Domain containing 1 gene), DRD2 (dopamine receptor 2 gene) [34, 35] . The results obtained in this work correspond with the results of these studies. The increased level of apoptosis gene expression in our research may result from perinatal damage (hypoxia), prenatal infection [36, 37] or/and genetic predisposition present from the fetal period. The results, in the light of this interpretation, may be a confirmation for neurodevelopmental theory of schizophrenia [3, 38] .
The results concerning the correlation between the expression of the examined genes and the differential blood count parameters in the schizophrenia group turned out to be interesting. These results indicate intensified apoptosis in peripheral blood lymphocytes and disorders of the specific immune response, and suggest the activation of the immune system in schizophrenia, supporting the neuroimmunological hypothesis of schizophrenia [39] . Many studies indicate the role of impaired balance between the pro-inflammatory and anti-inflammatory cytokines [40] , TH1 cell response and TH2 humoral response [41] in the pathogenesis of schizophrenia. The results obtained in this study suggest significant relationships between the altered expression of the studied genes and the dysregulation of the immune system in the studied group of schizophrenic patients, which is also confirmed by the studies of Li et al. [42] , who observed a significant relationship between the Interferon regulatory factor 3 gene (IRF3) and increased schizophrenia morbidity.
In summary, these reports provide important information on pathophysiological processes taking place in the brain, based on the observed changes in parameters measured in the peripheral blood [20, 33, [40] [41] [42] . The limitation of our study is the lack of data on the diet and its supplements, alcohol consumption, smoking and the level of steroid hormones that may affect the level of expression of the examined genes. In the next planned study, it will be important to assess the intensity of BAX, BCL2, CASP3, CASP9 apoptosis genes expression also in the cerebrospinal fluid, depending on the above-mentioned factors, the length of treatment, stage of the illness or perinatal factors, with volumetric assessment of the brain, including larger population of patients. The choice of a different reference gene will be also considered.
Conclusions

1.
The results of the performed research indicate a significantly higher expression of BCL2 and CASP3 genes in peripheral blood lymphocytes of schizophrenic patients compared to the control group of healthy people, which proves the increased intensity of apoptosis, fitting into the theory of increased apoptosis in the pathophysiology of schizophrenia. 2. The research results showed the most significant correlations between the BAX gene expression and differential blood count parameters (leucocyte, neutrophil, lymphocyte, and monocyte count) in the schizophrenic group, suggesting a relationship with immune dysregulation and confirming the presence of apoptosis in peripheral blood lymphocytes. 3. A significant positive correlation was found between the severity of negative symptoms measured with the PANSS-N scale and the expression of the BAX gene in patients with schizophrenia. This result suggests that the determination of the BAX gene level and the BAX gene expression in the peripheral blood may be used as a predictor of the treatment effectiveness regarding the reduction of negative symptoms in schizophrenia. 4. Analysis of the intercorrelation of the studied genes suggests BAX and CASP3 genes to be the most active genes in the apoptosis process in the studied group of patients. The expression value of these genes correlates with the expression values of all other genes.
